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A Study On The Fabrication Of Multi Material 3d Patterns Using 
Inkjet Printing Technology 
By MUSTAFFA BIN IBRAHIM 
I n addition to its application in media printing, inkiet printing IS 
becotning an increasingly attractive option for the distribution and 
patterning of materials for a wide variety of applications such as the 
fabrication of prototype for the manufacturing sectors. Recently' a rapid 
protol)'ping method for building parts layer-by-layer has led to interest in 
fabrication of protol)'pes with extra functionalil)' by inkjet printing. ;\ new 
system is expected which can produce assemblies composed of parts with 
more than one color or with more than one material. This study intends to 
utilize Java program to manipulate CAD design data and interface them 
\vith a modified commercial 357 -nozzle piezoelectric printer with 
experiments focusing on the drop positioning and arrangement required to 
fabricate a multi material 3D patterns. Functional fluid materials such as 
silver nanoparticle conducti\T ink was successfully printed using inkjet 
printing technology to directly write an electronic circuit. In order to study 
the parameters affecting drop formation of an inkjet printer, a single nozzle 
piezoelectric inkjet system was also dC\'eloped to study basic parameters 
such as \'oltage amplitude, firing frequency and fluid viscosity. The 
understanding of these parameters reactions gi\'es a broader \·iew on work 
in the fabrication of multi material 3D patters using inkjet printing 
technology. 
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CHAPTER 1 
1.0 INTRODUCTION 
Th market i changing rapidly. The "VUl!ler ill today's competitive 
mark tplac ar thos comparu that can bring innovative high valu 
product and ervice to the custom r before their competitor do s. L t u 
recall what a mobil -phone look d like twenty year ago? 5 y ar ago? La t 6 
months ? Yesterday? ot to mention its shape, weight and functionality a 
hown in igure 1.1. ow and in th future it will be even smaller, lighter and 
can do much mor than a pri r m bil -phone uch a the incorporation of 
camera audio video play r, internet acc s , location pin-p inters, cheduler 
and ev n a a ca h cr dit device that you can pay whatever you bu in a 
convenient store just b canning your mobile-phone which is kn wn a 
electronic-wall ts. 
DynaT~-\ ceU phone, 1983 
• lotorola, Inc.) 
- ' 
-
l ell _ . ~ 
Sony Eocsson V800 
3 phone, 2005 
(A.rnazon.com) 
Figur 1.1 : M bil -Phone volution 
Rapid advancements in computer technology hav given life to th udden 
increa e f computer-aided design (CAD) related technologie , which by their 
speed and aut mati 0, ar used to manufactur prototyp s quickl and at low 
- 1 -
cost. The advancement of manufacturing technologies is being driven by the 
need for automation, miniaturization, cost reduction and environmentally 
friendly manufacturing. In recent years, the competition to send 
manufactured products to the market has been the prime concern for 
manufacturers. They cannot afford to make mistakes and once the product is 
released, the incorporated technology and design must work. The route of the 
development project must be fast, efficient and one important criteria is that 
all possible errors in the project are revealed as early as possible such as in the 
design and testing stage. It is common sense that the sooner an error is 
revealed the cheaper it is to correct because the further we are in the project 
the more costs have already been paid - such as costs if the design must be 
changed. 
l\Ianufacturing organizations use Rapid Prototyping which refers to the 
physical modeling of a design using a special class of machine technology to 
produce models and prototypes of injection-molded parts and metal castings 
products. Rapid prototyping acts as a lubricant that helps to smooth and 
streamline the product development process mostly to help improve time to 
market and as a visualization tool [1]. The Rapid prototyping industry has 
achieved much since its first commercial process which was presented at the 
A UTOFACT show in Detroit in November 1987, by a company called 3D 
Systems, Inc. During that time, the process was not very accurate and there 
are not many choices in terms of materials. Therefore, the parts obtained 
were considered prototypes; which is sometlling to look at and serves as a 
basis for discussion. Nowadays, there are more than 30 processes some of 
wllich are already commercialized willie others are scill under development in 
research laboratories. The accuracy of the parts produced has improved 
significantly, and the choice of materials is relatively large whereby users can 
choose suitable macllines and materials which suite their purposes or 
applications. The tenn "prototyping" is rather misleading since the parts or 
models being produced nowadays more frequently being used for functional 
testing or to derive tools for pre-production testing. 
Yet, there are scill room for growth and need for further advancement. The 
next task is to study tllis technology and make it more efficient, develop a 
methodology to design and optimize components made of multiple materials 
to enhance their functionality by using an inkjet printing technology which is 
one of the Rapid Prototyping technologies used to fabricate 3D objects. 
Multi-material rapid prototyping refers to a process of fabricating a part 
consisting of more than one component material from Crill models layer by 
layer. The benefit is to develop lighter, stronger, smarter structural 
components using multi-material optimization. 
- 2-
1.1 Overview on Fabrication of 3D object using Rapid 
Prototyping Technology 
Rapid proto typing i a proc that is capable of converting a 3D C D 
d igo into a physical object b m an f layer-by-layer powder, solid or 
liquid-ba ed manufacturing m th d [2]. he technologie have also 
be n called "layered manufacturing" r" lid freeform fabrication" . In 
mechanical and manufacturing ngineering, rapid pro to typing is th pr ce 
f building prototyp obj cts to evaluate whether a prop ed d ign i 
me ting the requirem nt in aspects uch as hapes, sizes, fit and form 
functionality and other r qOO m nt . They enhance the ability of de igoer 
and ngine r t tudy the £; a ibility of a product and locat manufacturing 
probl m early in th d ign pha . Thi gr atly reduce costs and the 
tim -to-mark t f th pr duct. urrent rapid proto typing y tem are heavily 
u d by manag r , engineer surg ons, archit ct arti t and individuals from 
many di ciplin . The nam of pecific proce e them elve ar al often 
u d a yn nym for th ntire field of rapid proto typing. Among the e ar 
tere lithography ( LA for t r olith graphy apparatu) as shown in Figur 
1.2 el cti e la er int ring ( L ), fu ed depo ition modeling D 1) 
laminat d bj ct manufacturing , three dim n ional printing (3DP) 
and many th rs . Each of the techn logi and the many other rapid 
pro to typing process s ha it own str ngth and weakn e but th ba ic 
fabrication c nc pt ar almost the same as h wn in Table 1.1 
He dLa er ~O 
weep r ~ 
Blade 
I , 
~--- ' 
1- ZAxi r Ii:!~~r;e====:.J 
Partially --u----=:;?C=====~ ~ Ele ator 
orm d 
biect 
~------.- -----~ 
l Fortn d 
Object 
Figure 1.2: t r Olitl1 graphy Pr c 
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urable 
Liouid 
Tabl 1.1 : t p B, rep Demontranon f RapId Prororyping \lanufactur ' 
Pr ce 
tage 
1 
Detail 
D 19n 1 created u mg a 3 modelin 
sofp-var uch a ' lid \\ ' rk , Pr 
-< ngm r, rugrapruc, adceus and tc .. 
Th 3D m dell pre-proc d and 
converted lUto tandard triangulational 
languag ( 11..- 11.. fil c nn ct the 
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1.2 Problem Statement 
In August 3,J 2006, a \'\1all Street Journal article, "3D Printers Reshape World 
of Copying," is acknowledging the business value on the innovation of the 
rapid prototyping technology which can fabricate models quickly [3]. Terry 
\,\iohlers, president of \,\iohlers .Associates, a market research firm 
(www.wohlersassociates.com). says that among dle fastest-growing segment 
of the rapid-prototyping industry which had revenues of S809 million in 2005, 
up from an estimated S705 million in 2004 is the 3D printing technology 
which create physical models from computer-aided design (Ci\D) data by 
using an inkjet printing technology. 
E,-cn though inkjet printing technology has been used to fabricate 3D 
strucrures or models, parts produced by the commercially available rapid 
proto typing systems are made of a single material. The multi-color 3D printer 
from Z Corporation only prints colors on surfaces - the material beneath is 
still the same as dle modeling material. In other rapid prototyping systems, 
nrious parts are built independendy using different colors and then 
assembled at a later stage. A new system is expected which can produce 
assemblies composed of parts with more than one color or widl more than 
one material. With this capability, some post-processing of rapid prototyping 
such as assembly, bonding, welding and painting can be eliminated. Figure 1.3 
shows a component that was made using 3-D moulded interconnect devices 
(3-D l\IIDs). A moulded interconnect Device (MID) is defined simply as: 
" ... all il!/edioll 1lI0llided plaJ/ic .wuJ/rate JI,hich illcorporales a cOlldllelil'e 
(i,.mil pallem, alld ilitegrateJ boll; mechallical alld electrical/lllldioIlJ." 
Source: l\IIDIA (Molded Interconnection Device International Association) 
3D l\IIDs are plastic mouldings that incorporate, or have on their surface, 
an integrated conductive pattern. As such they represent the fusion of 
mechanical and electrical functionally into one integrated component. MIDs 
often utilise three-dimensional circuitry; a circuit pattern widl several planes 
allows better circuitry spacing, as well as the potential for integrated switches, 
connectors and buttons. MIDs can also reduce the number of components 
and cost by embedding fearures such as connectors, wire harnesses or 
lamp-holders within a single device. In addition they can be designed to be 
self-supporting thus eliminating any requirement for mechanical parts needed 
to support the circuit boards. Through reducing part numbers, MIDs save 
space and shorten assembly time 
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Figure 1.3 : Moulded Interconn ct Devic n D ) 
Inkj t printing have b n po ition d as on of the rapid proto typing y t m 
that can produce model relatively quick and in xpen iv . Am ng th well 
known rapid prot typing machine that u e the inkjet printing t chnology 
includes Z orporation which u es inkjet to dep it a water liquid binder 
onto the urface of a powder material and bjet Geom tri Ltd. who use 
inkjer printing to d po it photopolymer and support material. 
1.3 Research Overview 
Rec ntly a rapid prot typing meth d for building parts lay r by layer ha led 
to inter t in fabrication of electrical circuit and ptical device by inkj t 
printing. This technology is among th rapid prot typing method that can 
be xtended to build multi-material assembly by adding m re matenal inkj t 
nozzl to dep it materials s lectively layer by lay r. The main obj ctive of 
thi r earch i to addr the direct incorporation of electrical functionality 
int rapid pr t typ d parts. Th id a i to inkj t print functional materials 
such a conducti e silver nanoparticl ink n parts that wa fabricated u ing 
the Rapid Pro to typing technology. \Vhil t th main goal i to fabricate parts 
,vith functionality embedded in them th re earch don in thi tud i till 
not y t omplet and many bstacles still need to b addres ed to. How ver 
thi study ha laid d wn om of the b neficial and important foundation 
work neces ar)' for th fabrication f multi material 3D patr ro u ing the 
inkjet printing technology. Th v rv1 and po ition of thi re earch can 
be n in the chart depicted in Figure 1.4. 
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Figure 1,-1. : Re earch Plac m nt 
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• 
• 
fabricate 3D patterns, what kind of infonnation or data is needed to 
be sent to the printer command language that operate the printer? 
The manipulation from CAD design data fonnat to a fonnat that 
the inkjet printer can understand and function to fabricate 
multi-material 3D patterns layer by layer. 
Study the inkjet printer fluid drops arrangement resolution needed 
to realize the fabrication of multi-material 3D patterns. The inkjet 
printer was design to print text or image of 3D patterns on surfaces 
such as paper or other media but is the resolution enough for the 
fabrication of 3D patterns? Can the inkjet printer drops 
arrangement be manipulate so that a required pattern such as 
flatness and denseness of drops be controlled? 
Study the capabilities of drop on demand inkjet to deposit variable 
material by using a single nozzle drop generator. In order to 
deposits fluids with various characteristics, the parameters which are 
affecting the drop generation must be understand. \,\'ith the 
utilization of a single nozzle piezoelectric inkjet device which 
function similar to the principal of the inkjet printer, the capabilities 
of a drop on demand inkjet printer to deposits variable fluid 
materials can be achieved. 
1.5 Structure of This Thesis 
This thesis has been organized in 7 chapters whose content are outlined as 
follows: 
Chapter 1 which is this chapter defines the overview of fabricating 3D objects 
using the Rapid Prototyping Technology, statement of the problem and 
objecti\Ts of the research to be undertaken. 
Chapter 2 provides the literature review and composed of four major sections. 
Multi material rapid proto typing technology overview, Rapid prototyping 
CAD data interface, Inkjet printing technology overview and Single nozzle 
piezoelectric inkjet system. IvIulti material rapid prototyping technology 
overview details ,vork perfonned to date in the fabrication of multi material 
structures using the rapid prototyping concept. The Rapid proto typing Ci\D 
data interface presents some of the work done on manipulation of CAD data 
fonnat in order to fabricate multi material 3D objects. The Inkjet printing 
technology overview defines the concept of the inkjet printing systems 
emphasizing on the drop on demand printing technology and fabricating 3D 
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objects using the inkjet printing technology. Lasdy a section on generating 
droplets using a single nozzle piezoelectric systems is included. This section 
offers an independent study on fluid materials and printing parameters for the 
piezoelectric inkjet device. 
Chapter 3 presents the methodology used in the study which start firsdy with 
the inkjet printing system developed to print 3D patterns. This section 
explains the modification of a commercially available desktop inkjet printer, 
the motorized stages used for the X, Y and the Z axis and the motorized 
stages controller utilized in the inkjet printing system. The manipulation of 
CAD data using Java program was included and work on the integration of 
the inkjet printer and Java Program was also described in the later section. 
Chapter 4 shows the experimental work done on the inkjet printing of 
conductive silver nanoparticle ink. This sections explains the experiments 
done on measurement of the viscosity, surface tension, adhesion and also the 
electrical conductivity. The experiment on inkjet printing of the ink on SL\ 
parts was also explain in this chapter. 
Chapter 5 explains the experiment done to study the inkjet printer resolution. 
This involves the experiment on complement printing in-between the 
print-head nozzles which is 144 micron apart and also experiment on single 
drop deposition. This sections also shows the results on the work on the 
printing of 3D patterns using the inkjet printer. 
Chapter 6 describes the experimental work on the fabrication of a single 
nozzle piezoelectric inkjet system developed to study the piezoelectric inkjet 
parameters affecting the drop generation of fluid. Some critical parameters 
such as fluid cavity length, amplitude voltage and fluid material with variable 
viscositT and surface tensions value were experimented so that the capability 
of inkjet printer to deposits functional fluid material can be understood. This 
chapter also explains a case study done on fabricating conductive tracks on 
ABS parts that was built by a FD1'vI Rapid Prototyping machine using the 
single nozzle inkjet system by controlling the motorized stages. 
The final chapter presents a review of the research goals and provides a 
summary of the results obtained from the investigation. This chapter also 
provides recommendations and suggestions for future research to continue 
this area of research. Figure 1.4 shows the structure of this thesis. 
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